We demonstrate that long-lived air waveguides can efficiently collect remote, isotropically emitted optical signals. Signal-to-noise enhancements of ~10 4 are possible for standoff measurements at 100 m, with even higher increases possible at longer distances. Collection of weak signals from remote locations is the primary goal and the primary hurdle of optical stand-off detection schemes. Typically, the measured signal is enhanced using large numerical aperture collection optics and high gain detectors. Here, we show that this signal can be enhanced by using a long-lived air waveguide generated by an array of femtosecond filaments. We present a proof of principle experiment using an air plasma spark source and a ~1 m air waveguide showing an increase in collected signal of ~50% with high spectral fidelity. For standoff distances of 100 m, this implies, based on distance-squared geometric scaling, that the signal-to-noise ratio can be increased by a factor ~10 4 . Our results have immediate impact on remote target applications of laser-induced breakdown spectroscopy (LIBS) [1] and on LIDAR studies [2] .
illustrates the experimental setup. Single filaments and filament arrays 75-100 cm long are generated in air using 10 Hz Ti:Sapphire laser pulses at 800 nm, 50-100 fs, and up to 16 mJ. Arrays with four or eight filaments are generated by phase shifting alternating segments of the beam's near field phase front by π, using either "half- pellicles" [7] (shown in figure) or eight segment stepped mirrors [6] (not shown), resulting in either a TEM 11 -like mode or a linear combination of LG 0,±4 modes in the low intensity beam focus, as seen in Fig. 1(b) and (c). Above the self-focusing threshold, the beam lobes collapse into parallel and distinct filaments whose cores maintain the relative phase relationship imposed by the pellicles or the stepped mirror [6, 7] . We test the signal collection properties of our waveguides using an isotropic, wide bandwidth optical source containing both continuum and spectral line emission, provided by tight focusing at f/10 of a 6 ns, 532 nm, 100 mJ laser pulse to generate a breakdown spark in air. The delay between the spark and the filament structure is varied to probe the time-evolving collection efficiency of the air waveguides. The collected signal appears on the CCD image as a guided spot with a diameter characteristic of the air waveguide diameter. The air waveguide's signal collecting ability is quantified using two measures. The peak signal enhancement, K 1 , is defined as the peak imaged intensity with the air waveguide divided by the light intensity without it. We define the source collection enhancement, K 2 , as the integrated intensity over the guided spot, divided by the corresponding amount of light on the same CCD pixels in the absence of the air waveguide. Figure 2 (left panel) shows plots of both K 1 and K 2 for each of our waveguide types as a function of time delay between the spark and filament laser pulses. Inspection of inset (a) in Fig. 1 shows that ~70% of the spark emission occurs before 500 ns, so the evolutions of the peak signal and collection enhancements are largely characteristic of the waveguide evolution and not the source evolution. Crucial to remote sensing schemes is identification of source chemical composition, which is typically done by identifying characteristic spectral lines of neutral atoms or ions of a given species. To investigate this property of our air waveguide, we compared spectra measured 10 cm from the air spark source to spectra of the guided signal collected from the output of the air waveguide. The results are shown in Fig. 4 , for a thermal waveguide from a quad-filament, where the spectra have been integrated over 100 shots. There is no significant difference in the spectra except for attenuation in the range 700-900 nm owing to signal transmission through a broadband 800 nm dielectric mirror, as depicted in Fig. 1 , and the onset of UV absorption at less than ~330nm, possibly due to the accumulating ozone generated by the 10 Hz spark and filament waveguide sources. This research is supported by AFOSR, DTRA, and NSF. 
